Up to now, white light-emitting diodes (LEDs) have obtained more and more attention and turned out to be a welcomed substitution for conventional incandescent and fluorescent lamps, owing to their advantages of great brightness, excellent reliability, eco-friendliness, and their outstanding characteristics of energy conservation [1] . Conventionally, it is of great help to generate the white light to make a combination of YAG:Ce 3þ phosphor and blue InGaN chip or just to connect the RGB phosphors with a near-UV (350-410 nm) LED chip [2, 3] . Despite the achievements in developing white LEDs, it is also essential to figure out their existing drawbacks. On the one hand, YAG:Ce 3þ phosphors pumped by blue chips have the disadvantages of a low color rendering index and the instability of the obtained white light, which results in poor color rendering [4, 5] . On the other hand, the combination of tri-color phosphors seems to be unrealistic for near-UV LED chips on account of a fact that the large Stokes shift between excitation and emission in the UV-excitable phosphor may decrease the luminous efficiency [6] . Hence, there is an urgent need to explore a more promising candidate for white LEDs.
It is worth mentioning that glass ceramics have recently been studied for the fabrication of white LEDs. Not only does a glass ceramic have the advantages of glass, but it is also in possession of the excellent properties originating from the precipitated crystalline phase in the glassy matrix. In addition, rare earth-doped glass ceramics have the merits of effective luminescence, plain manufacturability, and a remarkable heat-resistant quality [7] [8] [9] [10] [11] . Among rare earth ions, Dy 3þ ions have been considered to be the most adaptable selection for analyzing luminescence properties, and it is known that the visible luminescence of the Dy 3þ ion is mainly composed of the characteristic blue emission band (470-500 nm) and the yellow emission band (570-600 nm), which corresponds to the 4 3 , and Dy 2 O 3 were used as the raw materials and were of great purity (99.99%). Then, all the starting proportions are mixed systematically and placed into a small quartz crucible, which was prepared for being melted in a furnace at 1450°C for 2 h in the ambient atmosphere. The obtained formations were poured onto a steel plate and annealed in a muffle furnace at 500°C for 2 h to release the inner stress until it at last cooled down to room temperature. With the purpose of investigating transparent glass ceramics, the samples were heat-treated at 640°C for 2 h and denoted as 1GC640, 2GC640, and 4GC640. Also, the materials with the 2 mol.% concentration of Dy 3þ ions need to be heated at 660°C and 690°C and marked as 2GC660 and 2GC690, respectively. The precursor glass of the 2 mol.% Dy 2 O 3 was marked as 2PG. After these procedures, the specimens were cut and polished to plates of about 20 mm × 20 mm × 4 mm in size for the required measurements.
Differential scanning calorimetry (DSC) was performed using a Q2000 DSC (TA Instruments, USA) with 10 mg PG specimen under an N 2 atmosphere at a heating rate of 10°C/min. The crystalline phases of the specimens were identified by X-ray diffraction (XRD), which was measured using an XD-98X diffractometer (XD-3, Beijing) with a Cu tube and K α radiation at 1.54030 Å. The scanning 2θ was from 10°to 90°with 0.02°increments and a 6 s sweep time. The microstructures of the glass and glass ceramics were analyzed by a JEOL2100 microscope with an accelerating voltage of 200 kV. The absorption spectra were measured by a Perkin-Elmer Lamda35 spectrometer. The excitation and emission spectra were measured by a Hitachi F-4500 spectrometer with a Xe lamp as an excitation light source. The luminescence decay was measured using a microsecond flash-lamp as the excitation source. All of the measurements were carried out at room temperature. Figure 1 depicts the DSC curve of the prepared 48SiO 2 
glass. The temperature of the glass transition and initial crystallization are around 595°C and 665°C, respectively. The crystallization peaks denoted as T c1 (740°C) stands for the precipitation of the Ba 2 LaF 7 nanocrystals in the glassy matrix. Accordingly, it is reasonable to select 500°C as the annealed temperature and 640°C, 660°C, and 690°C as the heat-treated temperatures for the deposition of the Ba 2 LaF 7 nanocrystals. Figure 2 shows the XRD patterns of the glass and glass ceramics with a 2 mol.% concentration of Dy 2 O 3 . With the heat-treated temperature rising up from 640°C to 690°C, the corresponding diffraction peaks appear and become more intense and sharp, which also coincides well with the standard XRD data of Ba 2 LaF 7 (PDF No. 48-0099). This clearly demonstrates that the Ba 2 LaF 7 phase has been formed in the glassy base.
The transmission electron microscopy (TEM) image of 2GC690 is presented in Fig. 3 , and the inset provides the selected area electron diffraction (SAED) patterns. As can be seen from Fig. 3 , the distributed grain confirms the formation of Ba 2 LaF 7 nanocrystals, which corresponds to the results revealed in the XRD patterns. Furthermore, the inset indicates the crystalline state of the obtained nanoparticles. Figure 4 (a) shows the transmission spectra of the samples heated at 640°C with different additions of Dy 3þ ions in the wavelength region of 300-800 nm. It can be observed that the transparency of these glass ceramics remains at a high level of 70%-80%. Additionally, the intensity of the absorption peaks increases when promoting the concentration of Dy 2 O 3 to 2 mol.%, but decreases at 4 mol.%. This implies that the optimum doping content of Dy 2 O 3 in glass ceramics containing Ba 2 LaF 7 nanocrystals is definitely around 2 mol.%. The transmission spectra of the glass and glass ceramics with 2 mol.% Dy 2 O 3 are given in the Fig. 4(b) . After the heat treatment, the transmittance of the samples is slightly weakened compared with the precursor glass, but still presents a decent level, which may be ascribed to the smaller size of the precipitated Ba 2 LaF 7 nanocrystals in comparison with the wavelength of the optical light [13] . Figure 5(a) ion, respectively [14] . Among these excitation bands, the one at 350 nm ( 6 H 15∕2 → 6 P 7∕2 ) reaches the highest value and is in accordance with the wavelength range of the near-UV LEDs. Figure 5(b) shows the excitation spectra for 2PG, 2GC640, 2GC660, and 2GC690. Clearly, there are no distinct changes observed on the places and profiles of those excitation bands. Compared with the precursor glass, the slender growth of the excitation intensity for the glass ceramics could be ascribed to the precipitation of the Ba 2 LaF 7 nanocrystals in the host matrix.
Under the 350 nm excitation, the emission spectra of the different concentrations of Dy 2 O 3 in the glass ceramics heated at 640°C is shown in Fig. 6(a) , and that of glass and glass ceramics with 2 mol.% Dy 2 O 3 after the 640°C, 660°C, and 690°C treatments are given in Fig. 6(b) . It can be found that all of the emission spectra consist of [15] . Despite the impacts of the red emission, there exists a tremendous possibility to adjust the emission intensity ratio of the yellow to blue light in order to obtain the white light under near-UV excitation. Accordingly, the luminescent intensity of the samples gets more intense when increasing the Dy 2 O 3 concentration from 1 to 2 mol.%, and decreases at the concentration of 4 mol.% Dy 2 O 3 . This decrease is caused by the concentrationquenching effects of the Dy 3þ ions. This indicates that the optimum concentration of Dy 2 O 3 may be around the 2 mol.%. Meanwhile, the luminescent intensity of the samples with 2 mol.% Dy 2 O 3 becomes slightly stronger when the heat-treated temperature increases from 640°C to 690°C, which can be ascribed to the formation of Ba 2 LaF 7 nanocrystals, which results in the homogeneous dispersion of Dy 3þ in the glassy matrix. The corresponding CIE diagram is depicted in Fig. 7 , and the color coordinates are 6 H 15∕2 ground state, which relies on the distance between the interacting ions. On the other hand, the enhanced possibility of cross-relaxation between a donor (excited Dy 3þ ion) and an acceptor (ground Dy 3þ ion) may account for this phenomenon of selfquenching [16] [17] [18] .
In conclusion, the transparent glass ceramics containing Ba 2 LaF 7 nanocrystals with diverse concentrations of Dy 3þ ion are synthesized, and their luminescent properties are examined. The results show that the optimum concentration of Dy 3þ ions is around 2 mol.%. Under 350 nm excitation, the emission bands assigned to the 4 F 9∕2 → 6 H 15∕2 , 4 F 9∕2 → 6 H 13∕2 , and 4 F 9∕2 → 6 H 11∕2 transitions of the Dy 3þ ion are observed. In addition, the CIE color coordinates for samples with a 2 mol.% Dy 3þ content is (0.313, 0.328), which is exactly located at the stated region of white light. This gives us the idea that the obtained material has the chance to be another choice for applications on white LEDs combined with near-UV LED chips.
